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The use of Mycobacterium tuberculosis HspX and GlcB proteins 
to identify latent tuberculosis in rheumatoid arthritis patients 
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Rheumatoid arthritis (RA) is an autoimmune disease characterised by the destruction of articular cartilage and 
bone damage. The chronic treatment of RA patients causes a higher susceptibility to infectious diseases such as 
tuberculosis (TB); one-third of the world's population is latently infected (LTBI) with Mycobacterium tuberculosis 
(Mtb). The tuberculin skin test is used to identify individuals LTBI, but many studies have shown that this test is not 
suitable for RA patients. The goal of this work was to test the specific cellular immune responses to the Mtb malate 
synthase (GlcB) and heat shock protein X (HspX) antigens of RA patients and to correlate those responses with 
LTBI status. The T-helper (Th)l, Thl7 and Treg-specific immune responses to the GlcB and HspX Mtb antigens were 
analysed in RA patients candidates for tumour necrosis factor-a blocker treatment. Our results demonstrated that 
LTBI RA patients had Thl-specific immune responses to GlcB and HspX. Patients were followed up over two years 
and 14.3% developed active TB. After the development of active TB, RA patients had increased numbers ofThlland 
Treg cells, similar to TB patients. These results demonstrate that a GlcB and HspX antigen assay can be used as a 
diagnostic test to identify LTBI RA patients. 
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Rheumatoid arthritis (RA) is an autoimmune disease 
of unknown aetiology that is characterised by chronic in- 
flammation of the joints and the subsequent destruction 
of articular cartilage and bone damage (Mota et al. 2012). 
The pathogenesis of RA involves many factors, including 
interleukin (IL)-1, tumour necrosis factor (TNF)-a and 
IL-17 cytokines, macrophages and T and B cell popula- 
tions (Brennan & Mclnnes 2008, Scott et al. 2010). The 
involvement of many subtypes of T-helper (Th) cells has 
been demonstrated in the immune responses of RA pa- 
tients (Cope 2008); therefore, these cells were predicted to 
play a crucial role in RA development. It is believed that 
the Thl and Thl7 cell subtypes are mainly responsible 
for the inflammatory responses in this disease (Chabaud 
et al. 1999, Cope 2008). Recent studies have indicated 
that imbalances of Thl/Th2 and Thl7/Treg cells may be 
responsible for the development and progression of RA 
(Boissier et al. 2008, Wang et al. 2012). 

An RA patient's therapy varies according to both 
the disease stage and its severity and activity. Current 
drug treatment consists of anti-inflammatory drugs and, 
if necessary, biological agents such as TNF-a blockers 
(Aaltonen et al. 2012). The continuous medical treatment 
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of RA patients renders them more susceptible to infec- 
tious diseases such as tuberculosis (TB) through expo- 
sure to Mycobacterium tuberculosis (Mtb) bacilli or TB 
reactivation (Jick et al. 2006). 

Brazil is one of the 22 countries where 90% of all TB 
cases in the world are found (Barry et al. 2009, WHO 

2011) . One of the main ways to improve TB control is 
by predicting disease progression. Characterising the 
host immune response will aid in defining if one will 
naturally resolve the infection or develop latent or ac- 
tive TB. Although the specific immune response to Mtb 
has been extensively studied, it has not been clarified 
in patients with RA. Therefore, understanding the im- 
mune response to TB antigens in these patients will 
build knowledge and will contribute to the development 
of new diagnostic tests. 

The tuberculin skin test (TST) identifies healthy 
individuals with latent tuberculosis infection (LTBI) 
(Nienhaus et al. 2013). This method is neither sensitive 
enough nor fully reliable, particularly in immunocom- 
promised patients (Barry et al. 2009, Tannus-Silva et al. 

2012) . The recently developed interferon (IFN)-y release 
assays (IGRA) measure TB-specific T cells responding 
to Mtb-derived antigens, including early secreted anti- 
genic target 6 (ESAT-6) and culture filtrate protein 10 
(CFP-10). Currently, the IGRA is regarded as the first 
real advance in LTBI diagnostics. 

The specific cellular immune responses to Mtb an- 
tigens have been extensively described (Babu et al. 
2010, Rueda et al. 2010). Patients with active TB have 
Mtb-specific Thl, Thl7 and Treg cells in the peripheral 
blood (PB) (Guyot-Revol et al. 2006, Hougardy et al. 
2007, Araujo-Filho et al. 2008, Scriba et al. 2008, Cruz 
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et al. 2009). Many antigens, such as heat shock protein 
X (HspX) antigens, can be used to analyse the overall 
immune responses of LTBI individuals (Tavares et al. 
2006, Rabahi et al. 2007, Reis et al. 2009); however, 
these antigens have not been tested for specific cellu- 
lar responses. Thus, the objectives of this work were to 
analyse the specific immune responses of Thl, Thl7 and 
Treg cells from RA patients to malate synthase (GlcB) 
and HspX from Mtb and to evaluate the use of these re- 
sponses for identifying LTBI RA patients. 

SUBJECTS, MATERIALS AND METHODS 

Participants - For this longitudinal, descriptive study, 
RA and TB patients were recruited at the Clinical Hos- 
pital and the Hospital for Tropical Diseases, from June 
2009-June 2010. Forty-two of these individuals partici- 
pated in the study and signed informed consent forms. 
During the same period, control subjects (CS) - individu- 
als with no TB, no RA and no symptoms of other in- 
vestigative disease - were recruited at Federal University 
of Goias (UFGO); 23 of these individuals participated 
and provided informed consent. Sixty-five individuals 
participated in the study. RA and TB patients were re- 
cruited independently of sex and race. Inclusion criteria 
for RA patients were an RA diagnosis according to the 
American College of Rheumatology and no prior treat- 
ment with anti-TNF-a antibodies (Abs). Inclusion criteria 
for TB patients were pulmonary TB diagnosis based on 
bacilloscopy, microbiological cultures and clinical and 
radiological features within 15 days of TB treatment. Ex- 
clusion criteria for all individuals were pregnancy, posi- 
tive serology for human immunodeficiency virus and age 
(younger than 18 years). The procedures followed the 
Helsinki Declaration for human experimentation. 

TST - RA and CS (n = 21 for RA and n = 23 for CS) 
were given the TST to characterise LTBI. Patients re- 
ceived 0.1 mL of purified protein derivative (PPD-RT 
23 Mtb-2 UT, Copenhagen, Denmark) intradermally 
(Mantoux technique) in the left forearm. For the CS, the 
size of skin induration was measured along the longer 
transverse axis 72 h later and the result was expressed 
in millimetres. Individuals with TST < 9 mm were clas- 
sified as TST- and were CS (n = 12). TST > 10 mm were 
classified as TST+ and were CS-LTBI+ (n = 11); RA 
individuals with TST < 4 mm were classified as TST- 
and were LTBI- (n = 11). TST > 5 mm were classified as 
TST+ and were LTBI+ (n = 10) according to the World 
Health Organization (WHO 2003). 

PB mononuclear cells (PBMCs) and cell culture 
- PBMCs were obtained from all participants by first 
collecting whole blood using heparin as an anticoagu- 
lant, followed by Ficoll density gradient centrifugation 
(Ficoll-Paque Plus, GE Healthcare Bio- Sciences AB). 
The cells were washed twice in saline and distributed in 
96-well plates at 2 x 10 5 cells/mL in RPMI-1640 medium 
(GIBCO, Invitrogen Corporation) supplemented with 2 
mM glutamine, 10 nM pyruvate, 2 mM amino acids, 50 
(ig/mL penicillin, 50 |ig/mL streptomycin and 10% heat- 
inactivated bovine serum. The cells were then incubated 
with recombinant Mtb antigens (rGlcB and rHspX, 1 



ug/mL), produced by our group as previously reported 
(Araujo-Filho et al. 2008), or with phytohaemagglutinin 
(PHA) (1 (ig/mL) as a positive control and were culti- 
vated at 37°C with 5% CO, for 96 h in the presence of 
anti-CD3 (eBioscience). Cells stimulated with medium 
alone or with anti-CD3 were used as controls. 

Flow cytometry - The following Abs were used for 
surface and intracellular staining for flow cytometry: 
IFN-y-fluorescein isothiocyanate (FITC) (BD Bioscience 
Pharmingen), CD25-PerCPCy5.5, IL-10-PE, forkhe- 
ad box protein 3 (FOXP3)-FITC, CD4-APC, T-bet-PE, 
streptavidin-FITC,IL-17-PE (eBioscience), IL-23R-Biotin 
(R&D Systems) and transforming growth factor (TGF)- 
P-PE (IQ Products). Cells were labelled with CD4-APC 
and with rat IgGl-PE isotype control to set the gate for 
IL-17, IL-10 and TGF-P-positive cells. Cells were also 
labelled with CD4-APC and with rat IgGl-FITC isotype 
control to set the gate for IFN-y-positive cells. For flow 
cytometry analysis, cells stimulated with medium alone, 
PHA or TB antigen were treated with Golgi Stop Solu- 
tion (containing monensin, BD Biosciences Pharmin- 
gen) and after 4-6 h of further incubation, the cells were 
harvested for analysis. The cells were treated with phos- 
phate buffered saline (PBS) containing 0.05% azide for 
20 min prior to surface and intracellular staining. After 
centrifugation (3,000 rpm for 10 min), cells were stained 
at 4°C for 18 min with surface marker Abs [CD4-APC 
and CD25-PerCPCy5.5 (eBioscience) and IL-23R-Bi- 
otin (R&D Systems)]. The plates were then treated with 
streptavidin-FITC for 18 min in the dark. Subsequently, 
the plates were washed twice with PBS containing 0.05% 
azide and treated with PermFix (BD Pharmingen, San 
Jose, CA, USA) for 18 min. For intracellular staining, 
cells were permeabilised with Perm Wash buffer (BD 
Biosciences Pharmingen) and incubated at 4°C for 18 min 
with the following specific Abs: IFN-y-FITC (BD Bio- 
sciences Pharmingen), IL-10-PE, FOXP3-FITC, T-bet- 
PE, IL-17-PE (eBioscience) and TGF-P-PE (IQ Products). 
To detect FOXP3, cells were treated using the FOXP3 
Staining Buffer Set (eBioscience). After washing, the 
samples were immediately analysed on a FACSCalibur 
flow cytometer (Becton & Dickinson, San Jose, CA, 
USA) at the Araiijo Jorge Hospital (state of Goias, Bra- 
zil). At least 100,000 events were acquired per sample. 
Data analysis was performed using FACSDiva software 
(BD Biosciences, Becton & Dickinson). 

IL-6 detection - Levels of IL-6 in the plasma were 
measured using the standard Human IL-6 ELISA Ready- 
SET-Go! Kit (eBioscience) according to the manufactur- 
er's instructions. The concentrations of IL-6 in the sam- 
ples were calculated using a standard curve generated 
from recombinant IL-6 and the results were expressed as 
pg/mL. The sensitivity of the assay was 2 pg/mL. 

Statistical analysis - Means and standard errors of 
the mean were calculated. After assessing the normality 
of all data by quantile plots, one-way ANOVA was used 
to compare variances between the groups. Because the 
variance magnitude of each group was not vastly differ- 
ent, an F-test and a p-value were calculated to predict the 
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differences between the averages of each group. A post- 
hoc test (Student t test or Mann Whitney (7-Wilcoxon) 
was used to evaluate if each specific group pair was dif- 
ferent from each other. A p value less than < 0.05 was 
considered to be statistically significant. 

Ethics - All studies were approved by the Hospi- 
tal of the UFGO Ethical Committee (protocol 195/07, 
055/2009) and informed consent was obtained from all 
participating subjects. The procedures followed the Hel- 
sinki's Declaration for human experimentation. 

RESULTS 

To evaluate the immune responses to GlcB and HspX, 
blood from RA patients, TB patients and CS was analysed. 
The RA patient clinical parameters used in this study are 
presented in Table I. Twenty-one patients with RA (aver- 
age age = 55.6 years) classified as either LTBI+ (n = 10) or 
LTBI- (n = 11) were characterised according to their clini- 
cal statuses, treatment, BCG vaccination and concomitant 
disease. RA individuals were diagnosed between 10-35 
years prior to enrolment and the majority of them were 
BCG-vaccinated and were receiving anti-inflammatory 
treatment for RA. Hypertension was the predominant 
concomitant disease. As expected, 70% of the RA LTBI+ 



individuals indicated previous contact with active TB pa- 
tients. All RA patients were followed for two years and 
14.3% (n = 3) developed active TB during this period (TB- 
RA). All three individuals, whose average age was 48.3 
years, had previous contact with active TB patients. 

The characteristics of TB patients and control individ- 
uals are shown in Table II. Recently diagnosed pulmonary 
TB patients (n = 21) with an average age of 41.9 years were 
mainly male (61.9%); the majority of them were BCG 
vaccinated and only 42% indicated previous contact with 
patients with active TB. The control group consisted of 
individuals with an average age of 38 years and they were 
further stratified as LTBI- (n = 12) or LTBI+ (n = 11). The 
majority of the control individuals had been vaccinated 
with BCG prior to six months of age (Table II). 

The existence of different T cell subsets determines T 
cell responses and the host immune status. Many T cell 
subtypes are involved in the immune response to TB, in- 
dependent of associated disease. We investigated the fre- 
quencies of T cell subsets in patients with RA and their 
correlation to Mtb infection by determining specific cel- 
lular function and cytokine production in these patients. 
To accomplish this analysis, patients with RA were clas- 
sified as LTBI+ or non-LTBI- according to TST 



TABLE I 

Clinical characteristics of rheumatoid arthritis (RA) patients according to tuberculin skin test (TST) statuses 



RA LTBI- RA LTBI+ 

(n=ll) (n=10) 
n (%) n (%) 



Mean age (min-max) (years) 59 (21-75) 52 (37-63) 

Woman 9 (81.8) 10 (100) 

Mean time since diagnosis (min-max) (years) 13.2(2-35) 7.8(2-17) 

BCG 7 (63.6) 7 (70) 

History of contact with tuberculosis 3 (27.7) 7 (70) 

Current smokers and ex-smokers 5 (45.4) 4 (40) 

Use of corticosteroids (prednisone or equivalent) 11 (100) 10 (100) 

Use of a disease modifying anti-rheumatic drug 8 (72.7) 9 (90) 
(methotrexate or azathioprine or leflunomide) 

Use of corticosteroids (prednisone or equivalent) 7 (63.6) 8 (80) 
and disease modifying anti-rheumatic drugs 
(methotrexate or azathioprine or leflunomide) 

Concomitant diseases 

Hypertension 7 (63.6) 2 (20) 

Diabetes mellitus 2 (18.1) 0 (0) 

Bone disorders 3 (27.7) 0 (0) 

Cancer 2 (18.1) 0 (0) 

Hepatitis 2 (18.1) 1 (10) 

Asthma 0 (0) 1(10) 

Hypothyroidism 3 (27.7) 1 (10) 

Dyslipidemia 1 (9.1) 0 (0) 

Angina 1 (9.1) 0 (0) 

Glaucoma 0 (0) 1 (10) 

Leprosy 1 (9.1) 0 (0) 



LTBI: latent infected tuberculosis. 
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Once it was well established that Thl-specific cells 
are important for eliminating mycobacteria during active 
TB, we asked if LTBI infection induces specific immune 
responses and the expansion of Thl-specific cells against 
rGlcB and rHspX antigens in RA patients. Thl cells were 
characterised as CD4 + T-bet + IFN-y + by flow cytometry 
(Fig. 1 A). We observed that RA LTBI+ patients had a spe- 
cific Thl response to Mtb antigens (Fig. IB, C) (p < 0.05), 
similar to CS-LTBI+ individuals and TB patients. These 
results demonstrate that LTBI in RA patients induces the 
proliferation of Thl cells specific to rGlcB and rHspX. 

It is known that Thl7 cells are correlated with TB in- 
fection. Although Thl7 cell levels in synovial fluid and 
blood are elevated among RA patients, their specific- 
ity is not known. Therefore, we evaluated whether these 
cells could specifically respond to Mtb antigens. Thl7 
cells are characterised by the expression of the IL-23 
receptor on their cell surfaces and by IL-17 production 
(Mus et al. 2010) (Fig. 2A). As shown in Fig. 2B, C, RA 
patient Thl7 cells did not recognise rGlcB or rHspX. 
Therefore, expansion of Thl7-specific cells is induced 
only during active TB. 

Thl7 and Treg cells can be induced by IL-6 and pre- 
vious studies have reported that this cytokine was sig- 
nificantly elevated in patients with TB and RA (Okada 
et al. 2011, Wang et al. 2012, Zhang et al. 2012). IL-6 
is involved in the pathogenesis of RA and contributes 
to tissue destruction. The levels of this cytokine in RA 
patients were measured in the plasma and were corre- 
lated with their LTBI statuses. RA LTBI+ individuals 
presented higher plasma levels of IL-6 when compared 
with RA LTBI- individuals (Fig. 2D) (p < 0.05). 

Although patients with active TB have Thl cells spe- 
cific to Mtb antigens, this response alone is not sufficient 



to control the infection. Some authors believe that Treg 
cells are involved in the suppression of Mtb-specific Thl 
cells (Chen et al. 2007, Roberts et al. 2007). Human CD4 + 
Treg cells can be distinguished from recently activated 
T cells (CD25 + ) by their expression of the nuclear tran- 
scription factor FOXP3 (Fontenot et al. 2003, Roberts 
et al. 2007, Ellner 2010). Treg cells have been shown to 
regulate effector T cells (Ribeiro-Rodrigues et al. 2006, 
Chen et al. 2007). Therefore, we asked whether Treg 
(CD4 + CD25 + FOXP3+) cells could be found in the PBMCs 
of RA patients. RA LTBI+ patients had lower levels of 
Treg cells, similar to CS and CS-LTBI+ individuals when 
compared to active TB patients (Fig. 3A) (p < 0.05). 

Treg cells were analysed by flow cytometry for TGF-P 
and IL-10 expression after stimulation with rGlcB or rH- 
spX. Fig. 3B shows that only active TB patients had TGF- 
P-expressing Treg cells specific for rGlcB (p < 0.05), 
whereas TB and CS-LTBI+ individuals had TGF-P+ Treg 
cells specific to rHspX (Fig. 3C) (p < 0.05). No differenc- 
es were noted in IL-10 production by Treg cells from all 
patient groups and in response to both antigens (Fig. 3D, 
E). These results provide evidence that specific TGF-P+ 
Treg cells are only induced in active TB. 

All RA patients were followed for a period of two years 
and 14.3% of them (n = 3) developed active TB. During 
this period, the drugs and dosages used to treat these pa- 
tients were not altered. The patients who developed active 
TB were LTBI-positive. These individuals had increased 
levels of Thl, Thl7 and Treg cells specific to both rGlcB 
(data not shown) and rHspX (Fig. 4A-E) (p < 0.05). These 
responses were similar to the responses observed in TB 
patients. Interestingly, TB-RA patients had increased lev- 
els of specific IL-10+ Treg cells (Fig. 4E), which were not 
observed in patients with active TB (Fig. 3E). 



TABLE II 



Clinical 


characteristics of control subjects 


and tuberculosis (TB) patients 






CS 


CS-LTBI+ 


TB" 




(n=12) 


(n=ll) 


(n = 21) 




n (%) 


n(%) 


n(%) 


Mean age (min-max) (years) 


37.2 (18-66) 


39.1 (21-68) 


41.9 (21-71) 


Woman 


4 (33.3) 


6 (54.6) 


8 (38.1) 


BCG 


12 (100) 


9 (81.8) 


14 (66.6) 


History of contact with TB 


2 (16.6) 


6 (54.5) 


9 (42.8) 


Concomitant diseases 








Hypertension 


2 (16.6) 


3 (27.2) 


4(19) 


Diabetes mellitus 


1 (8.3) 


1 (9.1) 


1 (4.7) 


Anaemia 


1 (8.3) 


1 (9.1) 


2 (9.5) 


Gout 


0(0) 


0(0) 


2 (9.5) 


Pneumonia 


0(0) 


0(0) 


1 (4.7) 


Hypothyroidism 


0(0) 


1 (9.1) 


1 (4.7) 


Angina 


0(0) 


0(0) 


1 (4.7) 


Asthma 


1 (8.3) 


0(0) 


0(0) 



a: TB patients submitted to treatment with three drugs: rifampin, isoniazid, pyrazinamide; CS: control subjects; LTBI: latent 
infected tuberculosis. All TB patients completed their treatment after six months. 
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DISCUSSION 

In this study, we demonstrate for the first time that 
rGlcB or rHspX can be used to identify LTBI in RA pa- 
tients. In addition, we have shown that certain candidates 
for the use of TNF-a blockers, such as RA individuals, 
with LTBI were at increased risk for developing active 
TB; during the two-year follow up period, since 14.3% 
(n = 3) of those patients developed active TB. 

GlcB and HspX are antigens that can be used to eval- 
uate the specific immune responses to latent and active 
TB. Many studies demonstrated that individuals with 
active and LTBI have specific humoural and cellular 
immune responses to HspX (Rabahi et al. 2007, Rueda 
et al. 2010). The GlcB antigen was used to evaluate the 
cellular response in individuals with active and multi- 
drug-resistant TB (Araujo-Filho et al. 2008). The results 
described here correlate with the data shown in the lit- 
erature and confirm the importance of these antigens for 
evaluating the immune response to TB. 

The specific cellular immune responses to TB an- 
tigens such as ESAT-6 and CFP-10 antigens, which are 
present in the RD1 region of Mtb, were analysed by TST 
or IGRA in RA patients (Vassilopoulos et al. 2008). To 
our knowledge, this work is the first study to evaluate 
cell subtypes by their specific immune responses to Mtb 



antigens in the active (GlcB) and latent (HspX and GlcB) 
phases of TB. These antigens were specifically recogn- 
ised by Abs and T cells from active and LTBI patients 
who had previously received BCG vaccinations in en- 
demic areas and who were thus important for this study 
(Rabahi et al. 2007, Reis et al. 2009). Therefore, combin- 
ing one antigen expressed by Mtb during the latent phase 
of infection with another more ubiquitous antigen may 
improve the diagnosis of LTBI individuals. Curiously, in 
this study, RA LTBI+ patients had specific cellular im- 
mune responses to GlcB and HspX, similar to CS-LTBI+ 
controls and TB patients, demonstrating the importance 
of these antigens for the development of a new cell-based 
diagnostic test for TB. 

Diagnosis of LTBI in RA patients is a challenging 
task. Due to the chronic nature of RA, treatment with 
anti-inflammatory drugs occasionally fails. In these cas- 
es, the patients need to be treated using biological drugs 
such as anti-TNF-a. It is well known that TNF-a is a 
crucial cytokine for protection against TB (Barry et al. 
2009, Ellner 2010) and, in its absence, latent individuals 
develop active TB. These facts highlight the importance 
of the development of an excellent test to screen RA pa- 
tients who are candidates for drugs targeting the immune 
system. The candidate TB diagnostic tests to replace the 



RA LTBI- RALTBI+ CS CS-LTBI+ TB 




rGlcB 




Fig. 1: specific T-helper (Th)l [CD4 + T-bet interferon (IFN)-y + ] immune responses to recombinant malate synthase (rGlcB) or recombinant heat 
shock protein X (rHspX) are higher in control subjects with latent tuberculosis infection (CS-LTBI+) individuals, TB and rheumatoid arthritis 
(RA) LTBI+ patients (p < 0.05). Peripheral blood mononuclear cells isolated from blood of CS (CS = TST- and CS-LTBI+ = TST+), TB and RA 
(LTBI+ and LTBI-) patients were analysed for surface expression of CD4 and intracellular expression of T-bet and IFN-y by flow cytometry. A: 
dot plots representing specific Thl immune response in RA LTBI-, RA LTBI+, CS, CS-LTBI+ individuals and TB patients; B: percentage of Thl 
cells among RA LTBI- (n = 11), RA LTBI+ (n = 10), CS (n = 12), CS-LTBI+(n= 11) individuals and TB patients (n = 21) specific forrGlcB and 
rHspX (C); *: statistical significance compared to CS individuals; **: statistical significance compared to RA LTBI- individuals; ***: statistical 
significance compared to CS-LTBI+ individuals. The mean ± standard errors of the mean is presented. 
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TST are also based on cellular immune responses, like 
IGRAs or flow cytometry, but their general use remains 
controversial mainly due to their higher cost (Matulis et 
al. 2008, Nienhaus et al. 2013). 

In this study, we initially investigated the expansion 
of PB Thl-specific cells of LTBI RA patients. Here, it 
was shown that Thl-specific cells expanded in the pres- 
ence of recombinant Mtb antigens in RA LTBI+ patients, 
similar to CS-LTBI+ controls and TB patients. Other 
studies have also shown that the frequency of Thl cells 
in the PB of RA patients was higher than in healthy con- 
trols (Chen et al. 2012) and that specific Thl responses 
to ESAT-6 and CFP-10 were similar to the responses ob- 
served in IGRA (Vassilopoulos et al. 2008). However, 
it is important to note that 30% of RA LTBI+ patients 
did not respond well to HspX. This fact reinforces the 
difficulty in diagnosing LTBI in RA individuals, as re- 
ported elsewhere (Matulis et al. 2008, Barry et al. 2009, 
Tannus-Silva et al. 2012). 

Thl7 cells from RA patients and CS did not expand 
in the presence of antigens, independent of the TST 
status. In an elegant study, Torrado and Cooper (2010) 
proposed that the Thl7 cell population driven by the in- 
nate immune response is the first Th phenotype in TB 
granulomas. Thus, our results prompted us to hypoth- 
esise that Thl7 cells would be a better surrogate marker 
for active TB once active TB patients showed specific 



Thl7 induction (Khader et al. 2007). We also investi- 
gated whether there were differences in IL-6 levels be- 
tween RA patients that correlated with their TB latency 
status. We observed that RA LTBI+ patients had higher 
plasma levels of IL-6 compared to RA LTBI- individu- 
als. This increase in IL-6 levels may be associated with 
a lack of HspX-responding Thl cells in our three RA 
LTBI+ individuals. 

A balance between effector and regulatory mecha- 
nisms may determine the outcome of an infection and 
could be beneficial for both the host and the pathogen 
in some cases. Additionally, Treg cells constitute a key 
component of peripheral tolerance by suppressing poten- 
tially autoreactive T cells and preventing autoimmune 
diseases. Recent reports have indicated that Treg cells 
may also contribute to the suppression of anti-TB im- 
mune responses by transient overexpression of TGF-p 1 
and IL-10 (Ribeiro-Rodrigues et al. 2006, Chen et al. 
2007, Ellner 2010). These results imply that pathogen- 
specific Treg cells can prevent infection-induced pathol- 
ogy, but may also prolong the persistence of the patho- 
gen by suppressing protective immune responses. 

There is a consensus that 5-10% of individuals with 
LTBI could develop active disease during their life span. 
When these individuals have risk factors such as previ- 
ous contact with active TB patients or compromised im- 
mune systems, this percentage increases significantly. 
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Fig. 2: evaluation of specific T-helper (Th)17 [CD4~interleukin (IL)-23R+IL-17A+] immune response to recombinant malate synthase (rGlcB) 
or recombinant heat shock protein X (rHspX) in peripheral blood mononuclear cells (PBMCs) cultures of rheumatoid arthritis (RA) with latent 
tuberculosis infection (RA-LTBI+), RA LTBI+, control subjects (CS), CS-LTBI+ individuals and TB patients. A: dot plots representing specific 
Thl7 immune response in RA LTBI+, RA LTBI-, CS, CS-LTBI+ individuals and TB patients. Percentage of Thl7 cells among RA LTBI+ (n = 
10), RA LTBI- (n = 11), CS (n = 12), CS-LTBI+ (n = 11) individuals and TB patients (n = 21) specific for rGlcB (B) and rHspX (C); D: levels of 
IL-6 among RA LTBI+ (n = 7) and RA LTBI- (n = 6) patients measured by ELISA and expressed in pg/mL. Asterisk means: p < 0.05. The mean 
± standard errors of the mean is presented. PBMCs cultured in vitro for 96 h were analysed by flow cytometry. 



Mem Inst Oswaldo Cruz, Rio de Janeiro, Vol. 709(1), February 2014 35 



Therefore, the presence of RA is a risk factor for the de- 
velopment of active TB, especially in individuals with 
latent infection. Here, we show that within a high-risk 
population, 14.3% of RA patients progress to active TB 
disease. The Th cell subset responses studied in RA pa- 
tients after the development of active TB were similar to 
the responses observed in TB patients. The Mtb-specific 
T cell populations increased with TB development; thus, 
Mtb GlcB or HspX-specific Thl, Thl7 and Treg cells are 
induced during TB activation. These results imply that 



these Th cell subsets may participate in the progression 
from latent to active TB disease despite the presence of 
an autoimmune disease. 

Although the authors acknowledge the small number 
of enrolled patients, the number of RA patients recruited 
and that voluntarily participated in the study correspond 
to approximately 20% of patients at this outpatient clinic 
at the Clinical Hospital, a government hospital. Thus, we 
believe that this limitation did not influence the outcome 
of our analysis. 
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Fig. 3: percentage of regulatory T cells among peripheral blood of rheumatoid arthritis (RA) with latent tuberculosis infection (RA-LTBI+), 
RA LTBI-, control subjects (CS), CS-LTBI+ individuals and TB patients (A). Peripheral blood mononuclear cells were cultivated in vitro for 
96 h with recombinant malate synthase (rGlcB) (B and D) or with recombinant heat shock protein X (rHspX) (C and E) and analysed by flow 
cytometry. Percentages of Treg transforming growth factor (TGF)-P+ cells are shown in B, C. D, E: percentages of Treg interleukin (IL)-10+ 
cells; FOXP3: forkhead box protein 3. Asterisk means: p < 0.05. The mean ± standard errors of the mean is presented. 
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Fig. 4: tuberculosis activation induces increase of specific T-helper (Th)l (A), Thl7 (B), Treg (C), Treg transforming growth factor (TGF)-(3+ (D) 
and Treg interleukin (IL)-10+ (E) cells in rheumatoid arthritis (RA) patients. Peripheral blood mononuclear cells were cultured in vitro for 96 h 
with medium, phytohaemagglutinin (PHA), recombinant malate synthase (rGlcB) or recombinant heat shock protein X (rHspX) and analysed by 
flow cytometry. The results shown were obtained after stimulation with rHspX antigen. The mean ± standard errors of the mean is presented. 
FOXP3: forkhead box protein 3; IFN: interferon. Asterisk means: p < 0.05. 



In conclusion, LTBI RA patients had Thl-specific 
immune responses to rGlcB and rHspX. These results 
demonstrate that the rGlcB and rHspX can be used to 
formulate new tests to identify LTBI in RA patients. 
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